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NATIONAL ADVISORY COMMITTEE FOR AERONATJTICS 

By James W. Useller and William L. Jones 

SUMMARY 

A full-scale  turbojet  engine w a s  operated  Kith  pentaborane f u e l  
continuously fo r  22 minutes at conditions  simulating flight at a Mach 
number of 0.8 at an a l t i tude  of 50,000 feet. This period of  operation 
is  approximately three times longer than  prevlouely  reported  operation 
times. 

Although the specif ic   fuel  consumption w a s  reduced  from 1.3 with 
JP-4 f u e l   t o  0.98 with pentaborane, a 13.2-percent  reduction in net 
thrust  was  also  encountered. A portion  of t h i s  th rus t  LOSS i s  poten- 
t i a l l y  recoverable with proper  design of the engine components. The 
boron  oxide  deposition and erosion  processes  w3thin the engine  approached 
an equilibrium  condition after approximately 22 minutes  of  operation with 
pentaborane. 

INTRODUCTION 

Pentaborane has been  considered f o r  use as a turbojet-engine  fuel 
t o  improve the specif ic   fuel  consumption and thus provide an increase  in  
the range of high-speed a i rc raf t .  The a l t i tude  performance of a f u l l -  
scale turbo  jet  engine  using  pentaborme is reported i n  reference 1. The 
limited ava i lab i l i ty  of pentaborane res t r ic ted  the test period of refer- 
ence 1 t o  only 6 minutes  of  continuous  operation with pure  pentaborane. 
Although a substantial  improvement in   spec i f i c  fuel consumption was re- 
ported  over that f o r  8 hydrocarbon fuel,   large  quantitfea of boron  oxfde 
w e r e  deposited on the engine components and produced a deterioration  of 
the engine  thrust and  component performance w i t h  increasing  operation 
time. 

The short  duration of the investigation  of  reference lmade possible 
only a limited understanding of the  decrease  in performance with the 
deposition  of  boron  oxide on the engine components. It was, however, 
speculated that the deposition and erosion  processes of the  oxide i n  the 
engine might reach an equilibrium  condition. The rate of  deposition 
would then  equal the rate of  erosion, and the engine performance WOW 
rema2n relatively  constant  with  continued  operation. 
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The investigation reported herein waa  conducted at the request of 
the  Bureau of  Aeronautics, Department of the Navy, t o  study the rate of' 
engine  performance  deterioration with boric  oxide  deposition from the  
use of pentaborane and t o  determine whether an equilibrium condition 
would be reached between the deposition and erosion of the oxide. Suf- 
f ic ien t  pentaborane w a s  accumulated t o  permit  continuous  operation f o r  
22 minutes. The engine was operated i n  an altitude test chamber of t he  
NACA Lewis Laboratory at a Reynolds number index  simulating f l i g h t  at an 
a l t i tude  of 50,000 feet and a Mzh number of 0.8. The data presented 
herein  demonstrate the effect  of extended  operation with pentaborane on 
the engine component  and over-all  performance-.  Photographs of- the oxide 
deposits on the  major  engine components are also included. 

APPARATUS 

Engine 

A schematic diagram of the  engine  used in thfs  investigation is 
shown i n  figure 1. The engine  consisted of a 12-stage  axial-flow com- 
pressor, eight tubular combustion chambers, and a single-stage  turbfne. 
A vwiable-area  exhaust  nozzle  permitted  operation at the m a x i m u m  al- 
lowable  turbine-outlet  gas  temperature of 1250° F and rated engine  ro- 
ta t iona l  speed. The f u e l  nozzles and the combustor liners w e r e  modified. 
A special  fuel  nozzle o f  the air-atomizing  type w a s  i n s t a l l e d   i n  the up- 
stream end of each  combustion chamber. The fuel nozzles  contained a 
passage f o r  JP-4 fuel i n  addition t o  that f o r  pentaborane. A schematic 
diagram of the fue l  nozzle i s  shown i n  figure 2. 
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Prevfous  operation of t h i s  engine with pentaborane  produced  high 
temperatures at the  root of the  turbine  blades.  Therefore, the flow area 
of nine  holes  in the downstream  end of each  combustion l iner  was increased 
t o  alter the  temperature  pattern at the face of the  turbine. It was in- 
tended that the blade root  temperatures would be lowered to  values con- 
s i s ten t  with the  standard  temperatures as determined by stress  l imitations 
of t h e  turbine. 

Fuel System 

The pentaborane fuel system w a s  pressurized WLth helium forcing the 
f u e l  from a tank through a metering  device in to  the special  fuel  nozzles 
in the engine.  Provision was made for purging the pentaborane fuel lines 
following operation w i t h  Jp-4 f u e l  and helium t o  reduce  the  handling 
hazards. 
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Fuel  Properties 
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Pentaborane of approximately  99-percent puri ty  waa supplied by the  
Bureau of Aeronautics fo r  this  investigation. The pentaborane  properties 
we as follows : 

Molecular w e i g h t  . . . . . . . . . . . . . . . . . . . . . . . . .  63.17 
Melting  point, ?E' . . . . . . . . . . . . . . . . . . . . . . . . .  -52 
Boiling  point at 760 mm Hg, ?F . . . . . . . . . . . . . . . . . . .  136 
Lower heat of  combustion, gtu/lb . . . . . . . . . . . . . . . .  29,127 
Specific  gravity at 32' F . . . . . . . . . . . . . . . . . . . .  0.644. 
Stoichiometric  fuel-air  ratio . . . . . . . . . . . . . . . . .  0.0764 
Pounds of boron  oxide  per  million Btu . . . . . . . . . . . . . . .  94 

Instrumentation 

Location of the  instrumentation  stations and the  amount of instru- 
mentation a t  each s ta t ion  are shown i n  figure 1. The total-pressure 
probes at the combustor ou t le t  and i n  the ta i lp ipe  were of the purge  type 
i n  order t o  prevent  contamination and plugging 'by the boric oxide. En- 
gine  airflow was measured at the engine in le t   ( s ta t ion  1) . The f u e l  flow 
w a s  measured by a rotating-vane  flowmeter. 

PROCEDURE 

The engine  operating  conditions w e r e  established with J P - 4  f u e l  to 
simulate  flight at a Mach number of 0.8 at an a l t i tude  of 50,000 feet. 
After the engine had reached  equilibrium  conditions, a t rans i t ion  was  
made i n  engine f u e l  from JP-4 t o  pentaborane.  Engine  performance data 
were collected at 30-second intervals.  Engine speed and exhaust-gas tem- 
perature were maintained  nesrly  constant at rated  condftions by varying 
the   fuel   f low and exbust-nozzle area. The duration of operation with 
pentaborane vas 22 minutes. 

Followin@; the pentaborane  operation, the engine was inspected, and 
the boron  oxide  deposits were photographed. After the  inspection,  the 
deposits were dissipated by operation with 3p-4 fuel .  

In  order to eliminate the data scatter caused by s m a l l  deviations 
in  establishing  operating  conditions of i n l e t  temperature and pressure 
and exhaust pressure, the data haxe been adjusted t o  a condition which 
cor re~ponds   to  a sfmulated alt i tude  of 50,000 feet and a flight Mach 
number of 0.8. In addi t ion  to  the minor pressure and temperature ad- 
justments  necessary to   e s t ab l i sh  NACA standard  altitude  conditions,  the 
engine  total-temperature  ratio w a s  adjusted t o  a constant  value of 3.3 
t o  eliminate deviations in i n l e t  temperature. The engine  pressure  ratio 
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w a s  also  adjusted i n  accordance with the temperature r a t io .  The unad- 
justed data as taken  during the investigation are presented in   t abular  
form i n  table--I. Appendix4  contains  a list of the symbols used herein, 
and th.e method of calculation employed i s  given i n  appendix B. 

Oxide Formation and Deposition 

The combustion  of  boron compounds results  in  the  formation of boron 
oxide, which is  a viscid  f luid at a temperature  of LlOOO F, so l id i f ies  
at lower teqperatures, and vaporfzes at much higher temperatures. Dur- 
ing  the 22 minutes of operation of this investigation,  approximately 300 
pounds of pentaborane were consumed by the engine, and about 830 pounds 
of boron  oxide were formed. The major portion of the oxide w a s  carried 
off i n  a l iquid state by the gas stream, but significant amounts were 
condensed and deposited on the  relatively  cool metal surfaces of the  
engine. 

Examinatfon o f t h e  engine f u e l  nozzles  revealed that deposits had 
formed on t he   t i p s  of some of the nozzles: The photograph i n  figure 3 
shows the type  of formation  encountered.  These  deposits were re la t ive ly  
hard and appeared t o  be a mixture of boron and boron  oxide. Because the 
location of deposits  altered the fuel spray pattern emitting from the 
nozzle, it is  believed that the f u e l  was able t o  strike the walls of the 
combustor l i ne r  and thereby  increase the sever i ty   o fdepos i t ion   in  the 
combustor. 

The deposits  collected  in the engine  during this investigation were 
relat ively light (fig.  4 ) .  Figure 4(a) shows the comparatively  severe 
deposits that were formed when the   fue l  nozzle accumulated deposits, 
while  figure 4(b) exhibits a relatively  clean conbustion chamber. Al -  
though the-  oxide  deposition i n  the engine combustor may be a function of 
several  factors,  small-scale tests (ref. 2) demonstrated that the pre- 
dominant one i s  t h e   s p r e n g  of the f u e l  on the combustor-liner walls. 

The deposfts  encountered on  the engine  spaxk plugs are shown i n  fig- 
ure 4(c). These deposits  presented no obstacle   to  subsequent reignition 
of the  engine. The deposits  that  collected on the combustor-turbine 
transit ion  section and on the turbine  rotor are shown In figures 4(d) and 
(e), respecttveIy. 

The major portion of the-deposited  oxide was found in the engine 
ta i lpipe downstream of the turbine  (fig. 4(f) ) . The tendency of the de- 
posited boron  oxide t o  flow like a highly viscid f lu id  may be seen i n  
the formations i n  the  ta i lpipe.  The deposits  also formed on the  exhauet 
nozzle  (fig. 4(g) ) and tended t o  flow downstream from t h e  engine with the  
gas stream. 
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The distorted  fuel-spray  pattern caused  by the  deposits on the f u e l  
- nozzles, in   addi t ion to increasing  the  deposit  formation i n  the combustor 

and disturbing  the  airflow  through  the combustor, sh i f ied   the  Rzel dis- 
t r ibut lon and caused a distorted  fuel-air   pattern and a resul t ing sh i f t  
i n   t h e  combustor-outlet  temperature  profile. This s h i f t   i n  temperature 
prof i le  had an effect  on the  turbine-inlet  temperature  profile.  Figure 
5 shows the local  temperature  profiles measured a t   the   tu rb ine   in le t  
downstream of two combustors. The fuel  nozzle of  combustor A was coated 
with the  oxide  deposit shown in   f i gu re  3. 

3 
E f e c t  of Deposits on Component Performance 

The accumulation of  boron  oxide  deposits on the surfaces of the en- 
gine  affects  the performance  of the components of the  engine,  but  fortu- 
nately  appreciable  quantities of the  deposits  are eroded  by the  gas stream 
through the  engine. The net  result  of  erosion and deposition on the com- 
ponent  performance i s  shown i n  figures 6 t o  9. 

The combustion efficiency and average combustor total-pressure loss 
(fig. 6) did not  significantly  deviate from those  obtained  during  oper- 
ation  with JP-4 fue l ,  nor did they vary  during  prolonged  operation with 
pentaborane. The pressure drop through the turbine  increased, as may be 
seen  fromthe  increasing  turbine  pressure  ratio of figme 7. Af ter  about 
14 minutes the  pressure  ratio  reached an equilibrium  condition and leveled 
off .  The turbine  efficiency  (fig.  7 )  exhibited a gradual  decrease from 
83 percent with JP-4 f u e l   t o  a minimum of 79 percent after 22 minutes of 
operation with pentaborane . 

In an ef for t  t o  understand  qualitatively the ef fec t  of the oxide on 
turbine  operation, a motion picture w a s  made of the turbine wheel through 
a window in  the  tai lpipe  during  operation with pentaborane. The presence 
of the  oxide  in  the gas stream tended t o  obscure the individual frames of 
the movie, so that  only an artist's sketch  based on the movie is  shown 
herein. The sketch of figure 8 indicates the condition  observed down- 
stream of the  turbine.  The molten  oxide is  believed t o  f low along  the 
walls of the  primmy combustor and through the turbine  passages  new  the 
outer  wall. Although the boron  oxfde i s  init ially  dispersed  throughout 
the gas  stream, the  relatively  cooler  surfaces of the walls promote  dep- 
osit ion of the  oxide  in  this region. The high viscosity of the molten 
oxide  causes it to adhere in spherical  form along the  walls  during  flow. 

The vaziation of the  tai lpipe  total-pressure  lossee  during the use 
of pentaborane is  shown in figure 9. The increase of these Losses with 
tfme i s  similar t o  the  trend shown f o r  the turbine performance i n  figure 
7. The tailpipe  total-pressure loss with i n i t i a l  pentaborane  operation 
ie about 7 percent,  approximately 2 percent higher than  during  operation 
with Jp-4 fuel.  The immediate rise fn taLlpipe  total-pressure loss is 
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at t r ibuted t o  the immediate  changes i n  the turbine-outlet, and come- 
quently  the  tailpipe, Mach number effected by the change i n  thermodynamic - 
properties and mass flow o f t h e  exhaust gas when pentaborane is 
introduced. 

The tailpipe  total-pressure loss -reached a maxirrmm of 12 percent 
d t e r  20 minutes of operation  with  pentaborane,  although the ra t e  of in- 
crease m s  re lat ively small a f t e r  about 14 minutes. ThFs continued 
change in   t a l lp ipe   p ressure  loss is also the  resul t  of changes in   t he  
ta i lp ipe  Mach number, During operation w i t h  pentaborane the  ta i lpipe 
Mach number i s  increased  because of the decreased  performance of the tur- 
bine,  as  previously  discussed. The decre-ed turbine performance  neces- 
s i t a t ed  adjustment of the  exhaust-nozzle area t o  maintain a constant- 
turbine-outlet  temperature. Another small increase i n  the t a i lp ipe   to ta l -  
pressure loss also resulted from the increased  coefficient of f r i c t ion  o f  
t h e - w a l l  due t o  accumulated deposits  during  operation with pentaborane. 
The combination of these  effects on the  -&ailpipe Mach number is  reflected 
as the tailpipe  total-pressure loss shown in  f igure 9. 

Clc 
4 
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Effect on Over-All  Perf o m n c e  

The decrease in   turbine and ta i lp ipe  performance with accumulation 
of boron  oxide may be  expected t o  be reflec-bed by a similm change i n  
the over-all performance of the  engine.  Figure LO shows the  decrease In 
engine  total-pressure  ratio with extended  use of pentaborane. The engine 
total-temperature  ratio was held  constant at a  value of 3.3. Equilibrium 
was never  quite  reached,  since  the  pressure  ratio  continued t o  decrease, 
although a t  a  decreasing  rate, even a f t e r  20 minutes of operation. 

- 

The net thrust of the @&ne- as calculated from t h e  exhauat=pressure 
and w e i g h t - f l o w  measurements i s  shown in figure 11. An i n i t i a l  decrement 
i n  thrust of about 6.2 percent  occurred with pentaborane. With prolonged 
use of pentaborane,  the  net thrust continued t o  decrease  as &posits ac- 
cumulated in  the  engine.  After about 1 2  minutes, the   ra te  of deteriora- 
t i on  of the thrust  w a s  l e s s  and an equilibrium  condition was approached. 

The reasom f o r  the thrust loss indicated i n  figure 11 are shown i n  
d e t a i l  i n  f igure 12 .  They include : (1) The higher  heating  value o f  
pentaborane results in a lower fuel-flow rate f o r  a given  heat  release. 
This i s  reflected 88 a reduct ion  in  mass flow through  the  turbine and 
ta i lpipe.  The reduced tnass flow  requires an increase in  turbine  preseure 
r a t i o .  (2) The change i n  thermoQmmLc gas  properties due t o  the penta- 
borane fuel   a lso  resul ts  i n  an increase in  turbine  pressure  ratio.  The 
combination of these  effkcts  causes a lowering of turbine-outlet  pres- 
sure. The lower turbine-outlet  pressure and reduced maas flow  cause an - 
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i n i t i a l   t h r u s t  loss of about 3.5 percent  (fig. 12 ) .  ~n adai t ional   thrust  

pressure on the tailpipe  pressure loss. Thus t h e   i n i t i a l   t o t a l  thrust 
loss with pentaborane f u e l  w a s  about 6.2 percent. 

- loss of 2.7 percent  results  fromthe  effects of the reduced turbine-outlet 

With continued  operation on pentaborane f u e l  the reduction of turbine 
efficiency  caused further reduction of turbine-outlet  pressure w i t h  an ac- 
companyLng increase  in   ta i lpipe  pressure  losses .  After 20 minutes  of 
operat ion  the  total   thrust  loss increased t o  about 13.2 percent. 

A portion of t h i s  13.2 percent  thrust decrement is potent ia l ly  re- 
coverable  through  engine component design.  For  instance,  about 7 percent 
of the thrust  decrement  might be recovered by the use of a turbine  that  
would r e s u l t   i n  a smaller reduction in  turbine-outlet   pressure  with con- 
tinued  pent&orane use. The i n i t i a l   t h r u s t  loss due to  thermodynamic 
change i n  gas  properties and change i n  mass flow at 1 mlnute in f igure 
12, however, i s  not  recoverable. The use of an e a n e  that operated with 
a low turbine-outlet Mach number and the incorporation of a t a i lp ipe  de- 
signed t o  have a minimum variation of total-pressure loss f o r  the range 
of ta i lp ipe  Mach number encountered Kfth pentaborane  use would reduce the 
thrust  decrement a t t r ibu ted   to   t a i lp ipe   p ressure  loss i n  figure 12. 

I The specif ic   fuel  consumption (fig.  13) w a s  reduced  from 1.3 pounaS 
per hour per pound of  net  thrust with JP-4 f u e l   t o  about 0.93 with pents- 
borane. The spec i f ic   fue l  consumption increased somewhat during  extended 
operation with pentaborane and reflects the decrease i n  thrust shown in  
figure ll. A maximum value of 0.98 was reached a f t e r  about 14 minutes 
of operation. 

SUMMARY OF RESULTS 

A turbojet  engine was operated  for 22 minutes  (three times longer 
than  previously  reported) UB ing pentaborane as the engine fuel .  Although 
the specif ic   fuel  consumption was reduced f’rom 1.3 with Jp-4 f u e l  t o  
0.98 d t h  pentaborane, a 13.2-percent  reduction i n  net thrust was also 
encountered. A portion  of this  thrust loss is  potent ia l ly  recoverable 
w i t h  proper  design of the engine components. 

The reduced rate of engine  performance change after 22 minutes  of 
operation  indicates that an  equilibrium was approached  between the dep- 
osi t ion and erosion of the h r o n  oxide  within the engine,  although the 
performance losses of some of the engine  cowonents, such as the turbine, 
did not  increase  significantly after about 1 2  to 14 minutes  of  operation. 

i 

Lewis Flight  Propulsion  Laboratory 
National  Advisory Committee f o r  Aeronautics - Cleveland, Ohio, Mazch 19, 1956 
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APPENDIX A 

S m L S  

The following symbols axe used i n  t h i s  report : 

area, s q  ft 

j e t  thTU8t, lb 

net thrust , lb 
acceleration due to  gravity,   f t /sec2 

total   pressure,  lb/sq ft 

static  pressure,  lb/sq f t  

universal gas constant 

t o t a l  temperature, OR 

velocity,   f t /sec 

alrfluw, lb/sec 

fue l  flow, lb/hr 

gaS flow, lb/sec 

r a t i o  of specific  heats 

r a t i o  of engine-inlet t o t a l  pressure t o  to ta l   p ressure   a t  Mach nmber 
of 0.8 and al t i tude of 50,000 f t  

efficiency 

r a t i o  of engine-inlet total temperature t o  t o t a l  temperature a t  Mach 
nmber of 0.8 and a l t i tude  of 50,000 f t  

". 

Subscrtpts : 

a air 

ac actual 
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b 

i 

t 

0 

cn 1 

n3 3 2 

cambustor 

ideal  

turbine 

free stream 

engine i n l e t  

compressor outlet 

turbine inlet 

turbine  outlet  

exhaust-nozzle i n l e t  

9 



10 

APPENDIX B 

NACA RM E55L29 

The compressor-inlet airflow w a s  determined from measurements of the 
t o t a l  and static pressure and temperature at -the engine in l e t   ( s t a t ion  1) . w 
Air leakage  fromthe comqressor and air supplied t o   t h e   f u e l  nozzles, tur- 
bine, and special  instrumentation were included in   the   ca lcu la t ion  of the 
accumulated airflow. 

4 
lb 
a, 

Combustion Efficiency 

The combustion efficiency of the  engine combustor operating with 
pentaborane was  defined as 

(Tps - q)x 
= IT9- - TlIi 

where T1 was adjusted t o  account for the  temperature of the air bled 
and added t o  the engine at the various  locations. The Weal temperature 
rise was derived From unpublished data. 

Turbine  Efficiency 

The turbine  efficiency w a s  calculated from 

The- r a t io  of specific heats y was computed 88 an average  value  across 
the  turbine  for the gas with the boron  oxide  present. 

It should  be  recognized that the definit ion of turbine  efficiency 
involves the equation of state (pV = RT) and thus asaumes that the   f lu id  
under consideration behaves as a perfect  gas. The data of reference 3 
indicate  that upon formation  during the combustion of boron compounds 
the  boron oxide  particle m y  be a size  thatwould permit-Brownian move- 
ment and thus  allow  the  oxide  particles t o   a c t  as a perfect  gas. "his 

c 
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condition has been assumed t o  exist i n   t h e  engine,  although some error 

from the  oxide  that i s  accumulated on the  engine surfaces. The rider 
of large  particles  entering  the gas stream is  comidered  negligible. 

. may be  introduced because of the  larger   par t ic les   that   enter   the strem 

Thrust 

The jet  thrust was calculated from measurements of the w e i g h t  f l o w  
and ta i lpipe  pressure  ming  the following equation: 

The net thrust w a s  calculated by subtracting  the adjusted i n l e t  
momentum from the  je t  t h r u s t .  When test  conditions  deviated from the  
desired  simulated  flight  conditions (flight Mach number, 0.8; a l t i tude,  
50,000 f t ) ,  the  data were adjusted by appropriate  values of 8, and 6,. 
Adjustments were made i n   t h e   t h r u s t  when the engine  temperature r a t i o  
deviated  from 3.3. 

L 1. Useller, James W., Kauftnan,  Warner B., and Jones, W i l l i a m  L.: Altitude 
Performance of a Full-scale  Turbojet Engine U s i n g  Pentaborme  Fuels. 
NACA RM E54K09, 1954. 

2. Kauf'man, Warner B., Branstetter, 3. Robert, and Lord, Albert M.: Ex- 
perimental  Investigation of Deposition by Boron-Containing  Fuels in  
Turbo jet  Combustor. NACA RM E55L07, 1955. 

3. Setze, Paul C.: A Study of Liquid Boron Oxide Par t ic le  Growth Rates 
i n  a Gas Stream from a Simulated Jet Engine Combustor. NACA RM 
E55120a, 1955. 
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Yigure 1. - Schemafic &et& of turbojet-englne i.wkUatim. 
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Pentaboxane 

Figure 2. - Air-atomizing fuel nozzle used during pentaboram fuel t e a t  in full- 
scale turbojet englne. Nozzle alao provided for use of JP-4 fuel. 

t I 



. . .  . .. . 

3748 , @ 

P 
F 



16 NACA RM E55L29 

3 
P aJ 

(a) Combustion  chaniber w i t h  greater-depoeits. 

Figure 4. - B o m n  oxide deposits on t u r b o j e t - q i n e   c m n e n t s   a f t e r  22 minutes 
of operation with pantaborane. 
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(b) Relatively clean ombustion cbmber. 
Tlgure 4. - C m C P ~ u e d .  krm oxide deposits 011 turbOjat;-mglne componaats after 
22 mimrtes of operation with pentebomne. 
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(e) Turbine rotor. 

Figure 4 .  - Contirmed. Boron oxide deposits on turbojet-engine C o m p m m t 8  after 
22 minutes o-peration with pentaborane. - 
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Figure 5. - Wect  of operatim  vith pentabmane fuel. on gae ternaturea  at turbine inlet.  PurboJet- 
e a n e  operation at elmuLated altitude ai 50,000 feet; f l ight  k c h  n w e r ,  0.8; average turbine-inlet 
gaa temperature, X200 F. 
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figure 7. - EPfect of operation vith pentaborme fuel on turbine performance. Altitude, 50,000 feet; flipht 
rmmb~, 0.e. 

VI 
N 



26 

. " 

Figure 8 .  - Boron oxide  flowing through turbine rotor section into 
turbojet-engine tailpipe. 
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Plgure 10. - W e c t  of operation rlth peutaborane fuel on englne total-pressure ratio. Altitude, 50,ooO 
feet; fl ight ldach number, 0.8; engine total-temperature ratio,  3.3. 
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Flgure 11. - Effect o f  operation vlth pentsborane fuel on net  tbrust. Altitude, 50,000 feetj f l lght  Wach 
nurmber, 0.a. 
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F l w e  12. - Ret-thrust loss encountered v i t h  uac of pentaborme fuel. Altitude, 50,000 feet; flight 
Mach mmber, 0.8. 
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Figure 13. - Effect of operation  with pentaborane fuel on specific fuel consumption. Al- 
titude, 50,000 feet; fl ight h h  number, 0.8. 
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